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Discussion of 
“MOVEMENTS IN STRUCTURAL CONCRETE AT 
CONOWINGO HYDRO PLANT” 


by Stanley Moyer and Viggo Hansen 
(Proc. Sep. 308) 


STANLEY MOYER! and VIGGO HANSEN,2 Members, ASCE.—One year 
has elapsed between presentation of the paper and the closure. A visual in- 
spection after the increase in leakage late in November revealed no definite 
trend. The first complete survey of the building monuments since the paper 
was presented was made in January, 1955, as per the schedule given in the 
paper. 

Mr. H. A. Kammer had experience with the growth of concrete at the Buck 
Hydro Plant that they considered was due to the reactive course aggregate, 
wet concrete and the probability of high alkali cement. The writers also are 
hopeful that solution of their company’s problems will not require the serious 
corrective measures that they were compelled to make. The writers were 
apparently fortunate in changing to off the site aggregate after the first 
62,000 yds. (out of 236,000). 

Figure No. 1 showing cross-section of the Power house has the area where 
the local stone concrete was placed indicated by cross hatching at the lower 
right hand corner. This information was not clear in the written paper. The 
survey line referred to in the paper as “on elevation 80 in the headworks 
wall,” can be seen to be close to the upriver part of Power house and it was 
decided that no line further north could be accurately surveyed. 

Observations indicate the short cycle of daily temperature change only 
affects the south wall (downriver) as most of the concrete is not subjected to 
appreciable daily changes of temperature but is affected by the change in 
water temperature, which roughly resembles the sine curve with the year as 
one complete cycle. 

The concrete roof of the turbine hall is supported on steel trusses and 
purlins and therefore that concrete would not affect the overall dimensions 
and no difficulty has been experienced in the roof structure except some 
maintenance at the two expansion joints. 

The only observed leakage at the Plant has been in the area where the 
local aggregate was used, namely below elevation 46. This area is subjected 
to the full change in water temperature and is vulnerable to the effect of 
water being applied to the questionable materials as well as carrying the silt 
into that portion of the Power house. The headworks section above the intake 
has shown no particular distress and as noted above, no leakage has been ob- 
served above elevation 46. There has been some binding of doors in this sec- 
tion and a few cracks in the walls of the rooms but they do not indicate a 
movement of more than the quarter of an inch which was noted in the paper. 


1. Asst. Mechanical Engr., Philadelphia Electric Co., Philadelphia, Pa. 
2. Engr. in Charge of Structural Section, Philadelphia Electric Co., 
Philadelphia, Pa. 


The magnitude of vertical movements has not been ignored but up to the 
present time no operating difficulties have developed probably due to uniform 
vertical movements. 

Mr. E. A. Woodhead brought out the problems at the American Falls Plant 
and that they were also subjected to trouble caused by reactive aggregates 
and high alkali cement. Again the difficulties and corrective measures have 
been much more serious than those experienced at Conowingo. They have 
had the opportunity to eliminate those questionable materials as well as to 
use a greater percentage of reinforcing to control expansion and contraction 
in some of the later Plants such as the C J Strike Plant with success. 

Conowingo is the only hydro plant which was designed and built for the 
Philadelphia Electric Company and the writers have little possibility of using 
past experiences in future designs. 


STATION 
CROSS SECTION - UNIT NO.5 
THE CONOWINGO -ELECTI OFVE_OPMENT 
THE SUSQUEHANNA POWER 


, 
Z, 
IATA 
as 
| 
i= 
699-2 | 


Discussion of 
“STATISTICAL REVIEW OF DAM CONSTRUCTION” 


by Robert A. Sutherland 
(Proc. Sep. 355) 


E. MONTFORD FUCIK,! A.M. ASCE.—Mr. Sutherland is to be congratu- 
tated for the work he has done in making available, for the use of practicing 
engineers, data on more than 1600 dams throughout the world. The writer 
is sure that those who are concerned with the design of dams will refer to 
this tabulation many times. 

Figure 4, which shows the chronological increase in the height of various 
types of dams, brings to mind the question as to whether engineers have at 
their command today adequate design data to permit them to design with con- 
fidence, dams higher than the existing dams. This question, in the writer’s 
opinion, applies equally to concrete dams and to earth dams. 

Recent studies of the stresses observed in the foundation of Shasta Dam 
and observation of the actions of Norris Dam and Fontana Dam indicate that 
the assumptions normally used for determining the stress distribution along 
the foundation of a concrete dam are considerably at variance with conditions 
as they actually exist. It has been observed at Fontana Dam that the joints 
on the downstream face normal to the line of greatest thrust, open during 
cold weather and close during warm weather. It is obvious that during the 
periods during which these joints are actually open, no stress is carried 
across them and, therefore, it can be concluded that the outer shell of the 
dam is carrying no load to the foundation. The effect of temperature stress, 
during the setting of the concrete, apparently causes the heel and toe to curl 
up, thus causing the foundation stresses to be considerably different than the 
usually assumed straight line triangular pressure variation from heel to toe. 

It would appear that, if engineers are to be called upon to design higher 
and higher dams, as would seem to be indicated by the trend of the data pre- 
sented by Mr. Sutherland, considerable research will be required in order 
for them to design these dams with maximum economy. Possibly it will be 
found that the upstream batter of a gravity dam should be increased, where- 
as the downstream face of the dam might possibly be steepened. In any event, 
consideration of dams higher than those already built certainly brings up 
problems for which there is no clear solution at the present time. 

In the field of earth dams, a somewhat similar condition exists in connec- 
tion with the evaluation of the internal pore pressures which have been ob- 
served to exist in the impervious sections of some of the larger dams. When 
studying the stability of an earth dam, say 400 - 500 feet high, this problem 
assumes great importance and satisfactory design methods of handling it are 
not generally available. This probably results in over-design and the writer 
believes that when this problem is thoroughly understood, it will be possible 
to make considerable economies in large earth dam design. 

The tabulation of data on the dams might be more useful if an indication 


1. Vice-President, Harza Eng. Co., Chicago, Ill. 
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were given as to what was used as the criteria of height. Upon studying this 
table, it would appear that the height of concrete dams has been considered 
as the height from the base of the dam to the crest, whereas for earth dams 
and rock fill dams, it appears that the height has been taken from the stream 
bed to the crest. This difference, although of no consequence when consider- 
ing the design of the dams, would have some effect upon the statistical analy- 
sis. For instance, Parker Dam, a concrete dam, which has a gross head be- 
tween headwater and tailwater of only about 75’ has a height of concrete of 
about 320’. On the other hand, the Anderson Ranch Dam, an earth dam, which 
has a height above stream bed of about 330’ has a large cut-off trench about 
100' deep below the stream bed, which makes the total height of the earth fill 
more than 400’. 

Again the writer wishes to thank Mr. Sutherland for the fine work he has 
done in assembling these data on dams. 


CLAUDIO MARCELLO,? M. ASCE.—The tabulation developed by the author 
is of very great interest and value to all the engineers who are concerned 
with the design and construction of high dams, and the writer agrees com- 
pletely with the hope that some day a “who’s who” of dams may be made 
available to the Profession. 

With the object of contributing to the aim of the author, a list of Italian 
dams over 100 feet high has been worked out in the same way as Tabulation I 
of the Paper: 

It is very true that dams are often called with several names, and that 
this fact is very confusing: a typical example is the Campo dam (Italy) No. 
312 in the list of the author’s paper, which is still now regularly called also 
Colombera and Tartano. In the list of Italian dams appended hereto, each 
structure is quoted only one, under the name given by the responsible agency, 
recording also in brackets the alternative names which may be in use. 

Actually arch dams should be divided into two classes, e.g. single- 
curvature and double curvature structures, the latter being “cupolas” or 
“domes.” Anyway, to follow as closely as possible the original notations, 
the two classes have been grouped together as arch dams. 

As to designation of the height, the same concept as adopted by the author 
has been maintained, insofar as the figure represents the actual structural 
height of the dam, that is the height upon which the stability computations are 
based. 

No proposed dam is included in the tabulation, since it is very likely that 
proposed dams, before being actually completed, will undergo several changes. 
No estimate has been made of the time of completion of dams now under con- 
struction: in the writer’s opinion it is preferable to leave the question of 
completion open rather than make a definite statement as for instance in the 
case of the San Salvatore dam (No. 1270) which never got beyond the con- 
struction of the cut-off wall, or of the Castrola dam (No. 248) construction of 
which was never even started. 


T. M. PATTERSON,*—As requested, the listing of those dams which are 
located in Canada has been reviewed and, although this Division does not 
maintain accurate statistics on dams, the following comments are offered 
2. Cons. Engr., Societa Edison, Milano, Italy. 

3. Chief, Water Resources Div., Dept. of Northern Affairs and Natl. Re- 
sources, Ottawa, Canada. 
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Although a large number of hydro-electric developments have been com- 
pleted in Canada, in most instances, the hydraulic head has been secured by 
taking advantage of favourable topographical conditions rather than by build- 
ing high dams. It is considered that, in so far as Canada is concerned, Mr. 
Sutherland’s list is fairly complete. 


CARLO SEMENZA,4 M. ASCE.—About the height of the dams, the writer 
too had often the opportunity of noticing that it is variously reported in tech- 
nical literature; this is a rather serious complication from a statistical point 
of view, and also because it makes every comparison uncertain. Perhaps it 
would be advisable to mark or to underline the height mentioned in the au- 
thor’s review, when it is the maximum one (the maximum being the figure as 
stated by the author): in this way a certain comparison is possible. 


R. A. SUTHERLAND,° M. ASCE.—The thanks of the writer are tendered 
to the many engineers who have so willingly furnished information which has 
been used to amplify and correct Table I. An acknowledgment of such assist- 
ance is indicated by the reference numbers after the names of the dams in 
this revision. Information in many cases was available from two or more 
sources, but it has not deemed necessary to obtain exact coincidence in fig- 
ures of height or other dimensions which might differ by a small percentage 
as between the different sources, although any major differences in informa- 
tion have been tracked down as far as possible. 

Few of the communications received were in the nature of formal discus- 
sions and portions only have been reproduced, but many of them had a com- 
ment or suggestion on specific points, amongst which were the following: 

1) The height should be more exactly defined 

2) Types of dam should be further subdivided 

3) More information should be given 

4) Proposed dams may or may not be built 

The writer agrees with the desirability of the first three suggestions, but 
lack of time has prevented him from attempting this labor. As pointed out in 
the original paper, the engineering profession has been remiss in not having 
any accepted definitions for such things as height and type of dams, but the 
provision of such definitions is properly the duty of a constituted committee 
or other body. With regard to the inclusion of “proposed” dams in the list, 
the writer believes that in almost all cases, a proposal to build a dam repre- 
sents a need for that dam and also represents the expenditure of time and 
money in making the investigations, and that the listing of proposed dams, 
therefore, has real value. 

It is now gver 18 years since the writer first published a modest compila- 
tion of dams” which contained about 600 entries; that compilation showed that 
the number of dams over 100 feet high had practically doubled each decade, 
and it could not be reasonably expected that such a geometric rate of increase 
would be maintained, Nevertheless, in spite of a period of depression and in- 
ternational disturbances, the number of dams has much more than doubled in 
the succeeding period. 


4. General Manager and Chief Engr., Hydro Construction Dept., Societa 
adriatica di Elettricita, Venice, Italy. 

5. Civ. Engr., Ebasco Services, Inc. 

6. “Dam Building reaches a Climax,” Engineering News Record, December 
10, 1936. 
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Mr. Fucik questions whether means are available to design dams of great- 
er height than any now built, and the answer must undoubtedly be “yes.” As 
the need for high dams, or in fact any other types of structures, becomes 
sufficiently great, means will be found to fill that need. An open mind on the 
part of the designers is a first essential, for it may well be that a totally 
different approach to the problem becomes in order for great heights of dam. 
There are probably some few sites suitable for arch dams of 1000 feet or 
more in height, but a reappraisal of the proper shape or real factor of safety 
of high gravity dams may lead to a changed viewpoint as to the economic 
value of this type for great heights. There are no indications that the rock- 
fill or earth fill type will ever approach 1000 feet in height. 

The summary tables III through [IX show the effect of the more complete 
listing than was given in the original paper, but the qualitative conclusions 
are not greatly altered. Table X has been expanded to show the division of 
the built and proposed dams in the different countries into different types. 

It is seen that some countries have favored a predominant type, either for 
historical or other reasons, while other countries have a reasonable diversity 
of type. The United States and Mexico are the only countries of any size 
where earth dams outnumber gravity dams. In the case of the United States, 
this has been true for many years. 
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Addendum to Tables I through X 


NOTES TO TABLE I ADDENDUM.— 
8D The Aiba dam was built in Italy in territory which was transferred to 
Yugoslavia in 1947. 
76 The Baker R dam is also known as Shannon dam. 
137 The Bionia dam was built in Italy in territory which was transferred 
to France in 1947, 
223 A second dam of earth fill forming the Campotosto storage will be 
over 100 ft. high when raised in a later stage. 
227A It is proposed to raise the Saint Chamond dam to 187 feet height. 
346 The Cruz del Eje dam consists of 2822 feet length buttress dam 
6561 feet length earth dam 
526 feet length rock fill dam 
196 feet length gravity spillway 
365 Davis Bridge dam is also known as the Harriman Dam. 
372 The foundation of the Denison dam is predominantly shale with some 
limestone and sandstone. 
385 The Dixence Dam will be submerged by the Grand Dixence dam. (see 
No. 548) 
421 The data given for Eildon dam is for an enlargement of a previous 
dam built in 1927. 
453B The Fergoug Dam (denoted wrongly as Habra in the original list) was 
originally 115 feet high but has failed twice and has been only partial- 
ly rebuilt to a height of 77 feet. 
463 Folsom dam has also an earth fill structure called Mormon Island 
Auxiliary Dam, 110 feet high and 4820 feet long. 
548 At planned rate of construction the second stage of the Grand Dixence 
dam is so far in the future that it has been denoted as “proposed.” 
549C The Grands Cheurfas dam according to one authority is only 95 feet 
high; according to another was raised in 1936 to 131 feet. 
669 The Jordan dam was strengthened with buttresses about 1951. 
757A The Lac Casse dam also comprises a second dam 200 feet high and 
1000 feet long on the adjoining Desroches River. 
773F Lago Verde dam was strengthened in 1927 by adding 6900 cubic yards 
of dry masonry upstream. 
816A The Licq Athery dam was built in 1917 as a gravity dam 105 feet high 
and raised in 1953 by an arch addition. 
944 A saddle dam associated with the Molare dam failed in 1935. 
1016 The dam originally called Non was renamed Santa Giustina. 
1110A The Name of the Pena dam which was built in 1913 has a “tilde” over 
the letter “n.” 
1137 The original structure at Ponte Alto was of timber and built in 1537. 
1136A The Pont du Loup dam was drowned out by the Sautet Dam in 1934. 
1196B The Rio Fucino dam will be raised in a later stage. 
1252 The San Domenico dam has in addition a cut-off wall 125 feet deep. 
1269 The San Roque dam replaces a previous gravity dam 114 feet high 
built in 1931. 
1351B The Sottosella dam was built in Italian territory which was trans- 
ferred to Yugoslavia in 1947. 
1425 The Tansa dam was strengthened by post tensioned cables in 1954. 
1435 The Tennessee Creek dam comprises also a second dam of rock fill 
140 feet high, 385 feet long, 150,000 cubic yards on an arkose schist 
found. 
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1443A The Thorpe dam also contains an earth and rockfill saddle dam 122 


1549 


feet high, 410 feet long, with 232,000 cubic yards fill. The name was 
changed from Glenville to Thorpe in 1950. 
The Wainganga dam has also 17 miles of dike. 


List of Contributors of Information for Revision of Table I 


Aggarwal, M L, Central Board of Irrigation & Power, New Deihi, India 
Allen, A E, Hydr Engr, Aluminum Co of America, Pittsburgh, Pa 
Bauzil, Chf Engr, Direction des Travaux Publics, Rabat, Morocco 
Bohmer, H, Oesterreichische Donaukraftwerke, Vienna, Austria 
Bourgin, A, Chf Engr, 6th Circonscription Electrique, Grenoble, France 
Cussen, JJ, Cia Chilena de Electricidad, Santiago, Chile 

Coyne, Andre, Consulting Engineer, Paris, France 

Crerar, NS, Aluminum Co of Canada, Arvida, Canada 

Crosby, Irving B, Cons Geologist, Boston, Mass 

Dalla Valle, G B, Ministero dei LLPP, Servizio Dighe, Rome, Italy 

de La Serna, R T, Cia de Electricidad de Sud Argentina, Buenos Aires 
Del Campo, A, San Bernardo 5, Madrid, Spain 

Deriner, I c/o Electrik Isleri Etut Idaresi, Ankara, Turkey 

Drouhin, G c/o Comite Algerien des Grands Barrages, Algiers 
Duggan, L, The State Rivers and Water Supply Commission, Melbourne, 
Australia 

Easson, E B, Hydro-electric Power Commission of Ontario, Toronto, 
Canada 

Erickson, D c/o Irrigation & Water Supply Commission, Brisbane, 
Australia 

Energie Electrique Du Maroc 

Flahiff, T E, Quebec N. Shore Paper Co, Montreal, Canada 

Fucik, E M, Harza Eng Co, Chicago, Illinois 

Gisiger, P E, Companhia Brasileira de Servicos Tecnicos, Sao Paulo, 
Brazil 

Holway, W R, Cons Engr, Tulsa, Okla 

Ichiura, S Tokyo, Japan , 
Ingledow, T, Vice-Pres & Chf Engr, B C Electric Co, Vancouver, Canada 
Jewell, N T, State Electricity Commission of Victoria, Melbourne, 
Australia 

Juan-Aracil, J, Escuela Especial del Cuerpo, Madrid, Spain 

Lenain, E, Confederation Generale du Commerce, Tunis, Tunisia 

Lei, F H, Melbourne & Metr Bd of Wks, Melbourne, Australia 
Marcello, C, Edison Group, Milan, Italy 

Massue, H, The Shawinigan Water & Power Co, Montreal, Canada 
Merrill, WS, Public Power Corporation, Athens, Greece 

Morgan, T O, c/o Water Authority, St Georges Bldg, Hong Kong 

Nose, M, Electric Power Development Co Ltd, Tokyo, Japan 

Espina. C S, Consulting Engineer, Bogota, Colombia 

Pauerson, T M, Chf Northern Affairs & Nat’l Resources, Ottawa, Canada 
Quinones, M A, Puerto Rico, Water Resources Auth, San Juan, P R 
Ritchie, R G, Chf Engr, Dept of Public Works, Hobart, Tasmania 
Rousselier, M, Electricite de France, Paris, France 

Rugarcia, Eugenio, Director General de Industria, Madrid, Spain 
Schnitter, N, Motor Columbus, Baden, Switzerland 

Semeza, Carlo, Societa Adriatica di Elettricita, Venice, Italy 
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A 
10 
33 
12 
13 
14 
15 
16 
16A 
17 
18 
19 
19A 
20 
21 
22 
23 
24 
24A 
25 
26 
27 
28 
2» 
30 
31 
31A 
32 
33 
34 
35 
36 


Speedie, M G, Senior Exec Engr, State Rivers & Water Supply Comm, 
Melbourne, Australia 


Terzano, A, Terni Company, Rome, Italy 

Therrien, R, Quebec Hydro-electric Commission, Montreal, Canada 
Tolke, F, Consulting Engineer, Karlsruhe-Durlach, Germany 
Tondury, G A, Schweizerische Wasserwirtschaftsverband, Zurich, 
Switzerland 

Turner, C WO, Engr In Chief, Ministry of Works, Wellington, New 
Zealand 

Vuorinen, D, Leppiniemi, Finland 

Webb, E N, The English Electric Co, London, England 

Wynn, L R, Irrigation Dept, Salisbury, Southern Rhodesia 

Xerez, A de C, Hidro-electrica do Zezere, Lisbon, Portugal 


Other Contributors of General Information 


W Nimmo, Irrigation and Water Supply Commission, Brisbane, Australia 

P Heslop, Companhia Auxiliar de Empresas Electricas Brasilieras, Rio 
dae Janeiro 

P Danel, Laboratoire Dauphinoise d’Hydraulique Grenoble, France 

W R Holway, Consulting Engineer, Tulsa, Okla 

H Pfahl, Chief Engr 4@€ Circonscription Electrique, Limoges, France 


Note: The reference numbers are placed immediately following the names of 
the dams. 
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Grand Totals 


TABLE 
SUMMARY OF GRAVITY DAMS BUILT PER DECADE 
200-199 200-299 300-399 40 over Pex Decade  Cumilative 

Before 1850 2 2 
1850-59 2 2 4 
1860-69 2 2 6 
1870-79 7 13 
1880-89 9 2 lu a4 
1890-99 u u 38 
1900-09 35 3 38 1% 
1910-19 41 11 3 55 131 
1920-29 121 18 5 1 45 276 
1930-39 98 x% 6 2 142 418 
1940-49 85 16 7 3 li 529 
1950- 151 88 17 12 268 7197 
Totals 567 174 38 18 

Proposed 19 18 

PF 620 214 57 36 927 
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Before 1850 
1850-59 
1860-69 
1870-79 
1880-89 
1890-99 
1900-09 
1910-19 
1920-29 
1930=39 
1940-49 
1950~ 


ES6 


Totals 64 


Proposed 1 
Grand Totals 140 
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TABLE IV 
SUMMARY OF ARG DAMS BUILT PER DECADE 
220-199} 200-299 300-399 400 & over Mer Decade Cumulative 
2 2 
1 1 3 
3 
3 
3 
3 
2 1 3 6 
15 2 1 18 
38 u 2 51 75 
2a 10 5 1 37 
27 2 5 3 43 
30 32 16 12 90 
29 16 
20 267 
y 


1 
1 
25 
31 
37 
40 


TARLE_Y 
SUMMARY OF MULTIPLE ARCH DAMS BUILT PER DECADE 

200-199 200299 

1890-99 1 1 

1900-09 

1910-19 4 4 

1920-29 17 3 20 

1930-39 5 1 6 

1940-49 6 6 

1950- 1 2 3 

Totals 34 6 

Proposed 1 

Grand Totals 3 7 41 
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TABLE. YI 
SUMMARY OF BUTTRESS DAMS PULLT PER DECADE 
— Faria Haight in Feet 
120-199 200-299 200-399 Per Decade Cumilative 
1910-19 5 5 5 
. 1920-29 2 2 7 
1930-39 3 2 5 2 
1940-49 8 2 10 22 
1950- 16 9 1 26 48 
Totals 34 1 
Proposed 5 1 
Grand Totals 39 u 1 54 
699-36 
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1850-59 
860-69 


2 
1 
1 
1 
1 
5 
9 
13 2 
3 
8 
2 


Grand Totals 
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TABLE Vil 
SUMMARY OF ROCK-PILL DAMS BUILT PER DECADE 
|| 
1870-79 
1380-39 
1890-99 
1900-09 
1910-19 
1920-29 
1930=39 
1949-49 
1950- 
Totals 
Proposed 
a 46 26 lu 2 85 


Before 1850 


2 
3 
2 
2 
26 
58 
59 
47 
88 


TABLE 
SUA OF EARTHF ILL DAME BUILT PER DECADE 
100-199 200-299 hover Cumilative 
2 
1850-59 2 
1860-69 3 5 
1870-79 2 7 
1880-89 7 
1890-99 2 9 
1900-09 2 21 
1910-19 26 47 
1920-29 3 61 108 
1930-39 9 68 176 
1940—49 9 2 2 60 2% 
1950- 30 4 1 123 359 
Totals 299 $1 6 3 
Proposed 19 5 3 3 
Grand Totals 318 56 9 6 38) 
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Totals 


Proposed 


Grand Totals 


SUMMARY OF DAMS OF ALL TYPES BUILT PER DECADE 
2020-199 200-299 200-399 400 & over Per Decace Cumule tive 

Before 1850 6 6 
1850-59 5 5 ll 
1860-69 5 5 16 
1870-79 10 10 26 
1880-89 10 2 l2 38 
1890-99 18 18 56 
1900-09 50 5 55 ul 
1910-19 13 4 113 224 
1920-29 245 38 7 1 291 515 
1930-39 199 62 u4 3 278 793 
1940-49 17% 39 u 2 237 1,030 
1950~ 294 169 40 26 529 1,559 
1,14 328 79 

| 83 60 35 26 

388 63 1,763 
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TAELE 
COUNTRIES OF REGIONS EAVING HORE THAN TEN ENTRIES IN TABLE 


Approx Area fntries ‘Sq Miles Per Types of Dam 
Country or Region So idles Dew G A mM 
Algeria 847,000 * # 47,000 9 3 2 3 1 
Argentina 1,080,000 108,000 1 4 3 
fustralie 2,974 ,C00 53 56,000 27 4 2 3 
Austria 32,400 21 1,500 11 10 
Brit Isles (2) 121,000 n 3,900 18 9g 4 
Canada (3) 3,690,000 47 78,000 31 7 2 
Chile 286 , COO 11 26 ,000 1 3 7 
France 213,000 %-1/2 2,200 49 3 39-1/2 4 
Germany 143 ,C00 38 3,800 29 7 1 1 
India ete (4) 1,852,000 70 26,400 46 & 
Italy 120,000 164 74,0 84 3 48 9u 6 
Japan 148,000 222 670 185 20 10 3 
Vexico 764, ,COO 32-1/2 23,500 7 1/2 3 2 2 
New Zealand 104 ,C00 19 5,500 a 3 ; 1 
Portugal 35,000 31 1,100 9 4 u * 4 
Puerto Rico 3,400 240 6 
S Africa etc (5) 912,000 25 36,5290 15 1 4 
Spein 195,000 1,400 120 2 12 
Switzerland 16,000 32-1/2 490 16 1 1l-1/2 1 3 
USA (6) 3,022,000 56%1/2 5,300 19% 225-1/2 87 73% 
Other countries 117 59 x a 46 6 
Totals 1,763 927 389 267 85 54 41 


Notes: (1) Including proposed dams 
(2) Including Channel Islands 
(3) Including Newfounéland Lebrador 
(4) India, Pakistan, Afghanistan, Ceylon 
(5) S Africa, S and N Rhodesia a 
(6) Inecluéing Alaska. Dams occuring on ea national boundry have been counted 
half to each country. 
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Discussion of 
“RECENT TRENDS IN HYDRAULIC GATE DESIGN” 


by D. A. Buzzell 
(Proc. Sep. 517) 


G. R. LATHAM,! A.M. ASCE.—Design of hydraulic gates is quite a 
specialized field engaging relctively few engineers. Fewer still have avail- 
able the experience gained by the actual operation of the equipment. Inter- 
change of this information is meager and Mr. Buzzell’s interesting article 
is valuable and very welcome. 

The Corps of Engineers’ Nationwide survey of hydraulic gates mentioned 
evidently was a very thorough under-taking, and was only practical by a 
government agency. Undoubtedly much valuable information was obtained 
and it is regretted that it could not be made available to interested engineers. 
Many designers are not fully aware of the objections to various types of gates 
and why some have fallen into dis-use. The manuals by the Bureau of Rec- 
lamation have proven very valuable and are referred to by many gate design- 
ers. The writer appreciates this opportunity to learn of the large number of 
special gates as described by Mr. Buzzell. 

The following experience may be of interest: 

On several projects with which the writer was associated, sliding flat 
steel gates without wheels were used for closing off diversion tunnels which 
by-passed the stream flow during the construction of the dam. These gates 
are designed for the full reservoir head but are closed during the low flow 
period and then a permanent concrete plug is constructed in the tunnel. 

These gates are usually closed by burning through the supporting hanger and 
allowing the gate to drop freely. This method has been used successfully for 
gates up to 16 ft. wide by 23 ft. high. 

A recent large project required three diversion gates, each approximately 
18 ft. wide by 36 ft. high. They were to be designed for a full reservoir head 
of 180 ft. and were intended to be closed under a probable head of 50 ft. Each 
gate was about 50 tons, and the impact from dropping a gate of this size would 
be excessive. It was therefore decided to lower the gate by utilizing the in- 
take gate hoists. The gates were equipped with rubber “J” seals and bushed 
wheels on cantilever axles. The gate body was designed to withstand the 
reservoir head of 180 ft. The wheel assemblies were designed to withstand 
only the closing head of 50 ft. under normal working stresses. After closure, 
the reservoir filling would increase the pressure on the gate and deflect the 
cantilever axles by 1/8" until solid blocks on the gate would come in contact 
with the steel guides, giving solid bearing from gate to guides to withstand 
the pressure from the full reservoir. This method permitted a very con- 
siderable saving in the design of the wheel assemblies. 


W. G. H. HOLT.*—It is stated in the introduction that as late as 1946, it 


1. Chief Structural Engr., Ebasco Services, Inc. 


2. Mechanical Engr., Eastern Div., Dominion Bridge Co., Ltd., Lachine, 
Quebec, Canada. 
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was believed that no greater depth of water than 25 feet could be discharged 
over an ogee spillway without shaking the structure to pieces. 

In Canada, as long ago as 1923, vertical lift spillway gates of the Stoney 
type as large as 50 feet wide x 30 feet high were in regular use. The Stoney 
design was superseded by the fixed roller construction soon after this. Many 
gates of the latter type of still larger dimensions have since been installed. 
Three 50-foot gates, 36 feet high, were installed in 1932 and are still in regu- 
lar use. 

These gates are operated with little or no freeboard. The great majority 
are exposed to severe winter conditions, some being located where tempera- 
tures drop to -50°F. 

The Tainter gate has been comparatively little used in Canada. Climatic 
conditions are undoubtedly largely responsible for this. 

The statement that, until the Randall gate was designed with a 45° sloped 
bottom member, high head gates had been built with nearly square bottoms 
because of structural considerations, is rather surprising. The 45° sloping 
bottom has been almost universal in Canada for head and free discharge 
gates for over 35 years. More than six hundred of these gates have been 
built in this period. Normally, the skin plate is placed on the downstream 
side, and large vent holes are provided in the sloping bottom and in the bot- 
tom cross girder. This construction reduces vacuum effects on the bottom 
to the point where they have little effect on the hoisting effort with gates of 
normal size, Gates as wide as 45 feet and as high as 34 feet with heads up 
to 75 feet have presented no insuperable difficulties in design or construc- 
tion. Head gates of this type are self-lowering against full turbine flow and 
can be raised against full head without the use of by-pass valves. 


K. S. CHETTY,? J.M. ASCE.—This is an excellent summary of the operat- 
ing experiences with high head gates, on which little data is available, and it 
forms a valuable contribution to the designers of control-structures. The 
developments in Hydraulic gate design have been necessitated in view of the 
high-costs of materials during the last ten years which made the cost of other 
conventional and satisfactory gates like Hollow-Jet valves extremely high. 
The developments during the last ten years may be summarized as: 

1) Re-shaping of the bottom of the gate leaf to have a well-defined control 
point from where the high velocity jet will shoot into the conduit. In the past 
designs, the continuous shifting of the control point from the u/s end to d/s 
end of the gate leaf has resulted in the fluctuations of pressures at the bottom 
of the gate leaf and hence vibrations; 

2) Re-shaping of the d/s of the gate slot, to minimize the disturbance due 
to sudden expansion of the area at the gate slot; and 

3) enabling the conduit to flow only partially full, to allow sufficient air on 
the d/s of the gate and obviate the negative pressures. 

It will be noted that the above improvements were made to the existing 
slide gates and fixed-wheel gates which were used as regulating sluice-gates, 
but developed trouble for higher heads. The use of Tainter-gates, which has 
given satisfactory performances and has proved to be very economical, is an 
improvement which had not been thought of 10 years before. It will be inter- 
esting to note that the U. S. Bureau of Reclamation has also simultaneously 
developed the radial gates for high heads and in Davis Dam 22' by 19' gate is 
installed to operate under 113 ft. head. The design has been a conventional 


3. Deputy Director, Central Water & Power Comm., New Delhi, India. 
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one, without any provision for hydraulically actuated or pneumatic seals, or 
an eccentric pin. These gates have proved to be entirely satisfactory in the 
field. It will be useful to compare the extra cost of the arrangement of pneu- 
matic rubber seals or an eccentric pin with that of the hoist if the seal as 
shown in Fig. 1 is employed. 

It is generally found that the slide-gates are always arranged in tandem, 
so that one gate is used as a service gate and the other in front as an emer- 
gency gate. Its utility is appreciated when there are only a small number of 
sluices. But, if there are a greater number of sluices, it may be more eco- 
nomical to provide one regulating gate for each of the sluices and only one 
emergency gate operated by a gantry crane and capable of closing any of the 
sluices. Practically in all the projects, there will always be a gantry crane 
on the top of the Dam for a number of other purposes. The same will be used 
for operating the emergency gate. 

It will be useful to know the design criteria for the conduit liners to deter- 
mine its thickness and the length in front and downstream of gate. It is not 
known whether the author’s cost estimate of $400 to $500 per sq. ft. is the 
combined cost of service and emergency gate or for each gate. 

It is stated that the fixed-wheel gate arrangement has proved to be too 
costly because of the welded-plate gate body. In the Continent and in this 
country, however, welded-gate body is more economical than cast-steel gates. 
Hence fixed-wheel gates have found greater application than slide gates. 

This has been reflected in the installation of fixed-wheel gates as against 
slide gates for regulating purposes in these countries. Similarly for conduit 
liners also, structural steel plates are being preferred to cast iron or cast 
steel liners. 

It is not known whether the arrangement as shown in Fig. 4 of the author’s 
paper, is more economical or better from hydraulic considerations compared 
to arrangement shown in the writer’s Fig. 2. Since the conduit d/s of the 
gate of Detroit Dam is designed to flow only partially fully, the gate shaft 
may not be subjected to any water pressure, excepting for the spray, and 
hence the necessity for the liners in the gate shaft is not clear. 

If the gate closes by its own self-weight, will a mechanical hoist with 
chain or rope be more economical than an hydraulic hoist? 


WwW. G. WEBER. 4—Mr. Buzzell’s paper presents, in a carefully prepared 
and easily readable form, some of the more notable developments in hydrau- 
lic gate design as exemplified by the practices of the Corps of Engineers. 
The paper is, in the writer’s opinion, of great value to engineers engaged in 
similar work, and especially so because of the broad field covered by Corps 
of Engineer projects, and the unexcelled opportunities available to its de- 
signers for preliminary model testing and for subsequent observation of the 
actual operating characteristics of the installed equipment. The author’s 
comments are of especial value to organizations such as the Bureau of Rec- 
lamation’s when closely parallel problems are encountered. 


Slide Gates 


The author has arrived at some conclusions with which Bureau of Recla- 
mation engineers are quite in agreement. Thus, we have long since 


4. Mechanical Engr., Bureau of Reclamation, U. S. Dept. of the Interior, 
Denver, Colo. 
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BOTTOM SHAPE OF FIXED WHEEL GATE 
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abandoned the idea that sluice gate operations be restricted to installations 
where the total effective head will not exceed 100 feet. 

USBR has many slide gates in many ways similar to the earlier type (il- 
lustrated as the Norfolk service gate in the author’s Figure 1) in service at 
heads usually below 100 feet, but in some instances at heads up to 125 feet. 
In general, their performance has been satisfactory. However, in some in- 
stallations, not necessarily the ones at higher heads, there have been indica- 
tions of cavitation on the bottoms of the gate leaves and along the lower edges 
of the downstream gate frames. In a few of these instances cavitation has 
reached such an advanced stage that extensive repairs and alterations have 
been necessitated. The normal service gate illustrated by the author has a 
bottom slope of 10 to 1.5. USBR’s earlier type of gate has a horizontal bot- 
tom with a slight lip at the downstream edge. Each gate has a critical per- 
cent of opening at which cavitation is most apt to occur. If operating condi- 
tions are such that a gate is not held in the critical range for appreciable 
periods of time it may remain in service for many years almost undamaged. 

The 45° test type of design, in our belief, is a definite improvement over 
the older type, and our trend is toward this type of design, with the contour 
of the bottom of the leaf and the angularity of the faces on the sides of the 
downstream frames below the slots not greatly different from the ones used 
on the test gate and shown in part on the author’s Figure 1. This trend ap- 
plies not only to slide gates, but also to the larger roller- and wheel-mounted 
gates, such as the penstock intake gates at Grand Coulee, Hungry Horse, and 
Palisades dams. On the Palisades gate the bottom plate is omitted entirely 
but the effective slope is the same as though it were there. 

The estimate that 6' x 10' is maximum size for slide gates at 200’ head is 
questionable. The Palisades outlet gates have a greater area (67.5 square 
feet) and will operate under 20 percent more head. We are using a 30" cylin- 
der and 2,000 psi design hoist. Actual operating pressure will be about 1,500 
psi. As 30 inches appears to be about as large a diameter as desirable for 
practical use, if more operating force were required, it is probable that 
USBR would consider use of higher operating pressures, say, to a maximum 
of 5,000 psi. 

USBR studies would indicate seat bearing pressures rather than hoist 
capacities would be the limiting considerations. We believe that bearing 
pressures as high as 4,000 psi would not be unreasonable if the conventional 
bronze on bronze seals and seats were changed to bronze on Monel or on 
stainless steel with lubrication grooves. The latter combination would give 
an added benefit as the coefficient of friction would be somewhat lower. It 
was proposed that this alloy combination be used on the Palisades gates but 
the restrictions on the use of high nickel alloys prevented consideration when 
final designs were prepared. In determining bearing pressures, we limit ef- 
fective bearing surfaces to 4 inches preferred and 6 inches maximum trans- 
versely to the seat length, and make the gates rigid enough to avoid extreme 
concentration of stresses at the inner edges of the seats. 

The statement that gate bodies cannot be made economically of weldments 
is not in agreement with USBR experience with the Shasta and Palisades out- 
let gates, where a combination of steel weldments and castings was used. 
Further, we see no reason for limiting bodies to steel and have used gray 
iron frequently, as in the Carter Lake (3-foot by 3-foot) outlet gates where 
heads of 170 feet will occur. 
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Tainter Gates 


The use of top-seal Tainter or radia) gates in conduits appears to have 
several dosirable aspects and would bear further investigation anc consider- 
ation by the Bureau. Consequently, they are greatly interested in following 
the service records of the gates installed by the Corps of Engineers. In par- 
ticular, they are interested in the performance of the gate at Lookout Point 
Dam, with its eccentric trunnion and with the water passageway enlarged to 
provide seal mounting. USBR prefers gate water passageways with contin- 
uously uniform cross sections but they believe the Lookout Point contour can 
be used without detriment in many installations. The arrangement appears 
definitely to provide firm seating with a minimum of vibration and leakage. 
But unless the tendency to vibrate is pronounced, a suitable top seal and 
rigid hoist connection without eccentric trunnions may give equally acceptable 
results. 

We question the use of roller bearings on the trunnions of Tainter gates, 
and their serviceability over an extended period of time. So far, sleeve 
bearings have been preferred and have given satisfactory service and shown 
little need for replacement when properly lubricated. 

The illustration of a typical Tainter crest gate—the author’s Figure 6— 
shows inclined arms and recessed trunnions. Gate fabrication appears more 
difficult than for rectangular connections. Also, the arrangement requires a 
relatively wide pier. Where space is at a premium and piers as narrow as 
practicable are desired, we question the advisability of using such a design, 
while admitting it has desirable features, among them being weight and cost 
reduction. The latter may be more apparent than real, however, if increased 
pier width is taken into consideration. 


Roller- and Wheel- Mounted Gates 


The McNary intake gate is 20 feet wide by 51 feet high with a single con- 
tinuous roller train on either side of the gate. Such a train is much longer 
than is usually used, and since the failure of even one link in the chain would 
put the whole train out of service, more than normal inspection and mainte- 
nance work would seem needed. USBR has found that where feasible, wheels 
mounted on self-lubricating bronze bushings are preferable to roller trains 
from the standpoint of first cost and maintenances charges. Wheel-rail con- 
tact stresses are a limiting factor, however, and, while we have installed 
many wheel-mounted gates, we occasionally are faced with a load problem to 
which rollers appear to be the preferable solution. Normal USBR practice 
with either roller- oc wheel-mounted gates is to suspend each from a single 
hydraulic hoist. Gate operation is timed for a 3-minute or shorter closing 
period, with the gate closing by gravity after release from its hanger. In 
some of the more recent USBR installations the hanger has been omitted and 
the gate is supported on the hydraulic fluid—usually oil—in the hoist cylinder. 
Cylinder pistons are packed so that downward drift is slight, and an auto- 
matic recovery system is employed to restore each gate to its fully raised 
position immediately above the penstock intake after a predetermined amount 
of drift. One advantage of this type of suspension lies in the fact that the gate 
may be readily lowered even in case of total power failure, whereas the 
latched gates require power for a brief period during which the latches are 
being released. Where there are a number of gates installed, a gantry crane 
is usually installed for maintenance work. This crane has a smaller capacity 
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and is much lighter than would be needed if it were required to place a gate 
in an emergency over the entrance to a runaway penstock. 


Sleeve-Type Gates and Valves 


The author quite correctly is critical of the high maintenance costs of 
many of the older types of cylinder gates and needle valves. We have found, 
however, that in some instances the causes of high maintenance costs could 
be removed by relatively minor design changes. There are occasional com- 
binations of conditions that make cylinder gates look attractive in spite of a 
somewhat unfavorable history. USBR has not provided needle valves for out- 
let works for a number of years largely because, where a valve of this type 
is desired, a hollow-jet valve will answer the purpose at less initial expense 
and annual maintenance costs, even though modifications in needle valve de- 
sign, as in the valves at the Madera Canal outlets of Friant Dam, have great- 
ly improved performance records. 

It is to be hoped that experiments of the type conducted by the Corps of 
Engineers will be continued, and that observations as to the performance of 


the resulting improved gates and valves will be continued for sufficiently long : 


periods of time to establish their worth or to point to further desirable modi- 
fications. 

The type of gate or valve selected for any given installation will depend, 
of course, not only on the initial cost of the equipment and the amount of 
maintenance costs and out-of-service time, but also on its functional suita- 
bility and the costs of the related structures. 
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PROCEEDINGS-SEPARATES 


The technical papers published in the past year are presented below. Technical-division 
sponsorship is indicated by an abbreviation at the end of each Separate Number, the symbols 
referring to: Air Transport (AT), City Planning (CP), Construction (CO), Engineering Mechanics 
(EM), Highway (HW), Hydraulics (HY), Irrigation and Drainage (IR), Power (PO), Sanitary 
Engineering (SA), Soil Mechanics and Foundations (SM), Structural (ST), Surveying and Mapping 
(SU), and Waterways (WW) divisions. For titles and order coupons, refer to the appropriate 
issue of “Civil Engineering” or write for a cumulative price list. 


VOLUME 80 (1954) 


MAY: 435(SM), 436(CP)°, 437(HY)°, 438(HY), 439(HY), 440(ST), 441(ST), 442(SA), 443(SA). 


JUNE: 444(SM)°, 445(SM)®, 446(ST)€, 447(ST)®, 448(ST)®, 449(ST)®, 450(ST)®, 451(ST)®, 452(SA)®, 
453(SA)®, 454(SA)®©, 455(SA)®, 456(SM)®. 


JULY: 457(AT), 458(AT), 459(AT)°, 460(1R), 461(1R), 462(1R), 463(1R)°, 464(PO), 465(PO)°. 


AUGUST: 466(HY), 467(HY), 468(ST), 469(ST), 470(ST), 471(SA), 472(SA), 473(SA), 474(SA), 
475(SM), 476(SM), 477(SM), 478(SM)°, 479(HY)°, 480(ST)°, 481(SA)°, 482(HY), 483(HY). 


SEPTEMBER: 484(ST), 485(ST), 486(ST), 487(CP)°, 488(ST)°, 489(HY), 490(HY), 491(HY)S, 
492(SA), 493(SA), 494(SA), 495(SA), 496(SA), 497(SA), 498(SA), 499(HW), 500(HW), 501(HW)°, 
502(WWw), 503(WW), 504(ww)°, 505(CO), 506(CO)*, 507(CP), 508(CP), 509(CP), 510(CP), 
511(CP). 


OCTOBER: 512(SM), 513(SM), 514(SM), 515(SM), 516(SM), 517(PO), 518(SM)°, 519(IR), 520(IR), 
521(IR), 522(R)°, 523(AT)°, 524(SU), 525(SU)°, 526(EM), 527(EM), 528(EM), 529(EM), 
530(EM)°, 531(EM), 532(EM) , 533(PO). 


NOVEMBER: 534(HY), 535(HY), 536(HY), 537(HY), 538(HY)°, 539(ST), 540(ST), 541(ST), 542(ST), 
543(ST), 544(ST), 545(SA), 546(SA), 547(SA), 548(SM), 549(SM), 550(SM), 551(SM), 552(SA), 
553(SM)°, 554(SA), 555(SA), 556(SA), 557(SA). 


DECEMBER: 558(ST), 559(ST), 560(ST), 561(ST), 562(ST), 563(ST)°, 564(HY), 565(HY), 566(HY), 
567(HY), 568(HY)°, 569(SM), 570(SM), 571(SM), 572(SM)°, 573(SM)°, 574(SU), 575(SU), 576(SU), 
577(SU), 578(HY), 579(ST), 580(SU), 581(SU), 582(Index). 


VOLUME 81 (1955) 


JANUARY: 583(ST), 584(ST), 585(ST), 586(ST), 587(ST), 588(ST), 589(ST)©, 590(SA), 591(SA), 
592(SA), 593(SA), 594(SA), 595(SA)°, 596(HW), 597(HW), 598(HW)°,599(CP), 600(CP), 601(CP), 
602(CP), 603(CP), 604(EM), 605(EM), 606(EM)°, 607(EM). 


FEBRUARY: 608(WW), 609(WW), 610(WW), 611(WW), 612(WW), 613(WW), 614(WW), 615(WwW), 
616(WW), 617(IR), 618(IR), 6190R), 620(1R), 621(IR)©, 622(IR), 623(IR), 624(HY)°, 625(HY), 
626(HY), 627(HY), 628(HY), 629(HY), 630(HY), 631(HY), 632(CO), 633(CO). 


MARCH: 634(PO), 635(PO), 636(PO), 637(PO), 638(PO), 639(PO), 649(PO), 641(PO)*, 642(SA), 
643(SA), 644(SA), 645(SA), 646(SA), 647(SA)°, 648(ST), 649(ST), 650(ST), 651(ST), 652(ST), 
653(ST), 654(ST)°, 655(SA), 656(SM)°, 657(SM)°, 658(SM)°. 


APRIL: 659(ST), 660(ST), 661(ST)°, 662(ST), 663(ST), 664(ST)°, 665(HY)°, 666(HY), 667(HY), 
668(HY), 669(HY), 670(EM), 671(EM), 672(EM), 673(EM), 674(EM), 675(EM), 676(EM), 677(EM), 
678(HY). 


MAY: 679(ST), 680(ST), 681(ST), 682(ST)°, 683(ST), 684(ST), 685(SA), 686(SA), 687(SA), 688(SA), 
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. Discussion of several papers, grouped by Divisions. 
. Presented at the Atlantic City (N.J.) Convention in June, 1954. 
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